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¹?µ;Yy n>W[xGn>lcgjYMWYM{CgawiYy YMbdts>n>lcugzTVW)YXbYXbcgd>{Vdpsvhibj`YM{
x9lj`MbjYM{Vy Y)wiY%wiu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Algorithm [PB95] (SYNC - TT - AV)
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Algorithm [PB95] (SYNC - TT - AV)
Clock crash
Clock correction
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Algorithm [LL88] (SYNC - TT - AV)
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Algorithm [ST87] (MSG - TT - NAV)
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Algorithm [ST87] (MSG - TT - NAV)
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Clock correction
Clock 0
Clock 1
Clock 2
Clock 3
Clock 4
Clock 5
Clock 6
Clock 7
@uCeVljY[G§IBq{ GeiYX{9y Ynp­hDXdt{Cgcuv{iY£dpuvseVljYMbn>{³ µ;µ>M¹dt{9w¼³ÛrDSD¶X¹
@uv>eVlcY [*uvsseVbcgclzdpgcYXbgzTiuvb]wiu ÂYMljYM{Vy Yn>{¦dpsvtnCljuvgcT9W)b³ µµt¹dt{9w³ rDSD¶X¹¥ Bq{¦gcTiub¯G>eVlcYt¨9¡n>eVl
Clcd>xVTVbdtlcY	bzTina{«QSTiYg¢ n*eVxVxGYXlnC{iYXb-°?ljYMbcx©QgcTiYg¢n[svnYMlnC{iYXbL±n>{Vsh1wiu½YXl>hgcTiYXuvlbcyXdpsvY
u{²ht%STiY[hFbzydpsvY)npgzTiY[sY¡g>lzdtxVT9bubWeVsgcuvxisvuvYXwChC<D , gcn1YMW[xVTVdtbcuvY)gcTiY*GYXTVdDuvn>l]np gcTiY
­hDXd>{Cgju{iY]ysniyLÂQ]{gzTiYXbcYClcd>xVTVbX¨iy svnDyL  bce ÂYMlcb £lcn>W d­hCMdt{Cgju{iY£dpuvsve9ljY-dpgljYMdps¤?gcuvW)Y
) t
Bq{7dts>n>lcugzTVWì³ µµ>¹°ºd>b[YXssdtb[u{Ed>{ChntgzTiYXl%dts>n>lcugzTVWíeVbcuv{Vdr&% 8  +3
()*+#,$
Q^4T\Q`Qc eQ#<%9±L¨gzTiYA£dteVsg¢h5ysniyLwinDYMb%{intg%lcYXbchD{9yLTVljnC{iuvYd>{ChDW)nCljYugzT5gzTiY¦ntgzTiYXlzbª
uvg[ljYMy YuvtYMbYMbjgcuvW[dtgjuvn>{5W)YMbcbzdp>YXb9eig%bjgcn>xVb[bcgcdtlcgju{i¼{iY lcn>e9{VwVb[wVeiY1gjn¼ugzb[YXlzljnC{iYnCeVbysniyL
dtsveiY> Bq{¼y nC{>gzlcd>bjgX¨«uv{¼dpsvtnCljuvgcT9W ³ rDSD¶X¹a°ºd>b]YXssQd>bu{¼dt{Ch¦ntgzTiYXl-dpsvtnCljuvgcT9W eVbju{i1gcTiY%ÀrV·
 
3
()* #,$cQ^ TMNSeQ#$ %G±gcTVY	£dteVsg¢hAy svniyLy nC{Cgju{CeVYXbagcnbcgcdtlcg{iYX ljnCeV{VwVbXBq{
fgf»ï 
h0ÿ
}  	4	'^2#-/F	' T3Q\eQ2# F
d>wVwiuvgjuvn>{«¨dtb¼³ rDSD¶X¹J#$%  
+:eQ#$ %JeVbcYXb1dS8 7 ] gcYXyLTV{Vuv¿DeiY>¨aTiuyLTy nCW[xVeigjYMbysniyL
yn>lzljYMy gcunC{7uv{VwVYXxGYX{VwiYM{CgjsvhnpgzTiY²dtsveiY¼nplcYXW)n>gjY²ysniyLEYXbcgjuW[dpgcYXbX¨gcTVY²­hDXd>{>gcuv{VY²y svniyLEuvb
lcYu{CgjYX>lzdpgjYMw«
  M _ 
*Å #¡M È  Å/    #£[9X    É7 i Å É  SGÅ  }  Å Ê
¼Yd>{VdpsvhDY®u{gcTVuvbxVdtlzdpClcd>xVTgcTiYuv{ ÂeiYX{VyYmnt9eV{iY fVxGYXygjYXw£dpuvsveVlcYXb;n>{-gzTiYdts>n>lcugzTVW[b©9YMTVdDunCl
^YXbzeisgzbdtlcY-n>igzdpu{iYXwgcTVlcn>eV>TgcTiY	bcuvWeisdpgjuvn>{np¯9tY	lcn>e9{VwVb npY>YXlch*dpsvtn>lcuvgcTVW1
OÅ  S  É     Å  Å  Å/  Å1É  F  
 # Å  ÅRQ  Å p Å ÊN É  Å X É [tV ]eVl¯Glzbjg Y fVxGY ¤
lcuWYM{Cgyn>{VyYXlz{Vb gcTiYGYXTVdDuvn>l npy svniyL%bjhi{VyLTVlcn>{VuMdpgjuvn>{dpsvtn>lcuvgcTVW[b aTiYX{1d[bju{i>sYy svniyL%ylzdtbzT
niyXyeVlzbaTiuvsYgcTiY1dpsvtn>lcuvgcTVW uvbwiYXbcuC{iYXwgcnP n>lzPu{dPljYXsudtVsY%YM{>DuljnC{VW)YX{Cg%°£u? Ytv¨QbjuWeisdpgcunC{
x9dtlzdtW)YgcYXl ¦ubYX¿DeVdts«gjnJD ±0 ¼YTVdtY]n>9bjYMlj>YXw*gzTVdpgadtssdpsvtn>lcuvgcTVW[b9YMTVdtYyn>lzljYMy gjsvht¨iu? Ytv¨VgcTiY
gcuCTCgc{iYMbcbnpQy nClclcYXygay svnDyLDbljYMW)dtuv{9bsn YXlagcTVd>{¦gcTiY)dpsvtnCljuvgcTVWóxVlcYXy ubcunC{   Bq{VwVYYXw©¨GaTVdtgjYXtYXl 
3
()* #,$cPQ^RTMN.eQ#$ %auvbeVbcYXw«¨Ddy svniyLylzdtbzT[winDYXb{intgmx9ljYXtYX{Cg®y nClclcYXygQy svniyLCb
gcn)wVYgjYMy gljnCeV{VwVbXmrCuWuvsdtlcsh>¨CaT9dpgjYXtYMl+Q	'N ;<%J3
c2	' eQ#$ %ubeVbcYXw«¨id)ylzdtbzTiYXw*ysniyL
wVnCYMb{Vntgx9ljYXtYX{Cgyn>lzljYMy gysniyLDbagcnYMbjgcuvW[dpgcYgzTiYdtsveiYnpQYXtYXlch1ntgcTVYXl]y n>lzlcYXy gy svnDyLÂ/@u{Vdtssvht¨
d>b gjn[n>eVlD{insvYXwVtY]YtYMljh Q#$ % 
+Qc9eQ#$ %1winDYMb{intgy nC{VbcuvwiYMlylzdtbzTiYXwy svnDyLDbX¨idt{1eV{iY fD¤
xGYXygjYMw¼ysniyL¦yXlcd>bcT²winDYXb{in>g	ydte9bjY[y nClclcYXyg]ysniyLDb]gjnAsnCbjY%bchi{VyLTVlcn>{iuvXdtgjuvn>{«¨©d>b£d>ldtb-YM{in>eiCT
yn>lzljYMy gy svniyLCb YfDubcggjn%9Y	d>isvYgjn%dtxVxVsh*gzTiY	y svniyL*y nClclcYXygjuvn>{gjYXyLT9{iuv¿DeiY>
rCuWeVsvdtgjuvn>{Vb%nt	dbju{itsvYF{iYXg¢nClc£dpuvsveVlcYPxGYXllcn>e9{Vw °£svuv{V´n>W)ubcbcuvn>{En>l[svuv{9´xGYXlj¡n>lzW[dt{VyY
£dtuseVlcY±TVd>Y]GYYM{xGYXlj¡n>lzW)YXw«®STiY-n>Vgcdpu{iYMwlcYXbzeisvgcbdtlcY-uvwiYM{Cgjuydps½gcn)gzTiYn>{VYXb n>igzdpu{iYXwaTiYM{
bcuWeisdpgcuv{i%yXlcd>bcT*£dpuvsveVlcYXbX
OÅ  S  É     Å  Å  Å/  ÅÉ  ´ 
 # Å  ÅRQ  Å p Å Ê OÆ    Å    #; Å  ]eVl-bjYMy nC{Vw
YfVx9YMljuW)YX{Cgyn>{VyYXlz{VbgzTiY[9YMTVdDunClnty svniyL1bchi{VyLTVlcn>{iuvXdtgjuvn>{¦dts>n>lcugzTVW[baaTiYM{Pn>{VYy svniyLA­h>¤
Mdt{Cgju{iY£dtuseVlcYaniyye9lcb®aTVusvYagcTVYdpsvtnCljuvgcT9W|ubmwiYMbjuv>{iYMw)gjn	nCx9YMlcdtgjYu{*d]£dteisvgq¤?£lcYYaYM{>DuljnC{VW)YX{Cg
rDuvWeisvdtgjuvn>{VbbcTin gcT9dpgagzTiYulGYXTVdDuvn>lwiu ½YXlwVYXxGYX{Vwiu{i*nC{AgcTiYXuvl +3(H )F+^#,$SQ T\	*
N9e#$%½ 7 svtnCljuvgcT9W)beVbcu{i[gcTiYr&% 8   
3
()* #,$cYQQAT\Q`Qc9eQ#<%1y nC{Cgju{CeVY
gcnFGYXTVd>Yy nClclcYXygjsvht¨;u? Ytv¨gzTiYgcuCTCgc{iYMbcbnpay nClclcYXyg	y svnDyLDbljYMW)dtuv{9bsn YXl	gcTVd>{gcTiY1dpsvtn>lcuvgcTVW
x9ljYMy ubjuvn>{  STiuvb	uvb	w9eiY%gjn¦gzTiY[£dtyg	gcTVdtggcTiY[£d>eisvg¢h²y svniyLFwinDYMb{intg	wiYXgjYMy gbchi{VyLTVlcn>{iuvXdtgjuvn>{YXtYM{>gzbdt{ChiW)n>lcYt¨Ddt{Vw1gcTDeVbbcgjnCxVbxVd>ljgcuvyuvxVdtgju{i[gjn%gzTiY	y svniyL%bjhi{VyLTVlcn>{VuMdpgjuvn>{dpsvtnCljuvgcTVW1
Bq{Ey nC{>gzlcd>bjgX¨uv{EdpsvtnCljuvgcTVW[beVbju{i¼gcTiYAÀ¼r9· +3(H )F+^#,$ QQ TMN eQ#$ %«¨dtss
ysniyLDbP°ºuv{9y seVwiu{i5gzTiYP£d>eisg¢h7nC{iY±*y n>{Cgcuv{DeiYPgcn´wiYXgjYMy gA{iYÃlcn>eV{9wVb STiY²GYXTVdDuvn>l%ntbce9yLT
dts>n>lcugzTVW[bgcTiYM{PwiYMx9YM{VwVbanC{AgcTiYXuvla;<% 
+QceQ#$ %« Bq{ 7 ] ;<% 
+QcYeQ#$ %3t¨½gcTiY
­hDXd>{Cgju{iY¦y svnDyL´yd>{Ex9ljYXtYX{Cg%y nClclcYXyg%y svnDyLDb)£lcn>W ljYMW)dtuv{Vuv{ibchi{VyLTVlcn>{iuvYMw5uug*ub*eVbcYXw7Ch
gzTiYyn>{CtYMlj>YX{VyY)£eV{Vy gcunC{«.@Gn>l	u{Vbcgcd>{Vy Y>¨gzTiY   	  y nC{CtYXlctYM{Vy Y)£eV{9y gjuvn>{5eVbjYMwuv{5dpsvtn>lcuvgcTVW
  	.H
 °ºbcYYsY¡g>lzdtx9Tnp¯9CeVljY1~>±-eVbcYXbgcTVYdpseiY*ntagcTiY­ hDMdt{Cgju{iYysniyL´°ºy svniyL²}
u{gzTiY*¯9CeVlcY±]gcnFy nCW)x9eigjYgcTiY1dtwojeVbcgcW)YM{>ggjYMlcW1ªmyn>lzljYMy g	y svniyLDb	gcTVYX{GYXyn>W)Yyn>lzlceVxVgjYXwCh
IfÍ÷
 
	 !"#$%'&()*+#,$.-/ 01
2)*	43 }9Z
-8e+10
-7e+10
-6e+10
-5e+10
-4e+10
-3e+10
-2e+10
-1e+10
0
1e+10
0 50 100 150 200 250 300
C
i(t
) 
- 
t (
m
ic
ro
-s
ec
on
ds
)
Real time (seconds)
Algorithm MsgRcrFTM (MSG - RCR - AV)
Failure clock 3
Clocks 0,1,2,4,5,6,7
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Algorithm MsgRcrSW (MSG - RCR - AV)
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Algorithm [ST87] (MSG - Empty - NAV)
Failure clock 2
Clock correction
Clock 0
Clock 1
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Clock 7
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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